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(54) Mounting device for mounting electric and/or electronic parts 

(57) A mounting device for mounting electric and/or 
electronic parts of different sizes at a specific position 
comprising a head unit movable in horizontal and verti- 
cal directions to mount said parts preferably on a sub- 
strate such as a printed circuit board. The device further 
comprises an optical detecting means and an image 
pickup means for selectively detecting the state of parts 
of different sizes. The first detection position of the opti- 
cal detecting means is different from a second detection 
position of the image pickup means. 
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Description 

This invention relates to a mounting device for 
mounting electric and/or electronic parts of different 
sizes at a specific position, preferably on a substrate s 
such as a printed circuit board, comprising a head unit 
movable in horizontal and vertical directions, an optical 
detecting means and an image pickup means for selec- 
tively detecting the state of parts of different sizes. 

A type of mounter has been known which picks up 10 
parts such as ICs by a head unit having a nozzle mem- 
ber for picking up the parts from a parts supply section, 
moves them over a positioned printed circuit board, and 
mount them in specified positions on the printed circuit 
board. 15 

When this type of mounter is used, the position of 
the parts where they are picked up by the nozzle mem- 
ber has some extent of variation, and the mounting 
position has to be corrected according to the deviation. 
At the same time, the mounter is required to prevent 20 
defective parts such as those with broken leads from 
being mounted. 

In order to detect such a state of the part, the picked 
up part is inspected for example by providing the head 
unit with optical detecting means having a parallel light 25 
emitting section and a light receiving section facing 
each other. According to this means, the picked up part 
is placed between the light emitting section and the light 
receiving section, namely in a detection area of the opti- 
cal detecting means and then a parallel light beam is 30 
cast on the picked up part. From the projection 
(shadow) of the part, the state of the part is detected. 

This type of mounter is required to mount various 
parts of different sizes, in most cases small sized chip 
parts. However, it is also required sometimes to mount 35 
large sized parts such as QFPs and connectors. In that 
case, to make it possible to detect such large sized 
parts using the optical detecting means, the distance 
between the light emitting section and the light receiving 
section as well as the lengths of such sections of the 40 
optical detecting means have to be increased according 
to the parts to be detected. 

However, if the distance between the emitting sec- 
tion and the light receiving section and their lengths are 
increased, it becomes likely that effect of noise on the 45 
parallel light beam increases, and errors occur in the 
positioning of the light emitting section and the light 
receiving section. As a result, it is possible that detec- 
tion accuracy for the part especially for small parts low- 
ers. Therefore, the lowering in the detection accuracy so 
has to be avoided. 

Another problem is the increase in the size of the 
apparatus due to the increase in the distance between 
the light emitting section and the light receiving section, 
which has to be avoided too. 55 

In addition to the optical detecting means for detect- 
ing parts, there is an image pickup means for detecting 
the part state according to picked up images. Selective 
use of the optical detecting means and the image 



pickup means depending on the types of parts is pro- 
posed (Japanese patent application No. Hei 4-296124). 
However, even in that case, if detection of large sized 
parts is to be made, interference between the part and 
the optical detecting means has to be avoided. There- 
fore, in that case too, increase in the distance between 
the light emitting section and the light receiving section 
as well as their sizes causes the problem described 
above. 

Accordingly, it is an objective of the present inven- 
tion to provide an improved mounting device for mount- 
ing electric and/or electronic parts as indicated above 
which always ensures a reliable detection of the posi- 
tions as well as the states of electric and/or electronic 
parts. 

According to the invention, this objective is solved 
for a mounting device for mounting electric and/or elec- 
tronic parts as indicated above in that a first detection 
position of the optical detecting means is different from 
a second detection position of the image pickup means. 

The reliability is further enhanced by the mounting 
device comprising a main controller for controlling the 
selection of the optica! detection means and the image 
pickup means. Thereby, it is advantageous when the 
main controller comprises a main operation section for 
controlling the optical detection means or the image 
pickup means, respectively. 

According to a further embodiment, the optical 
detecting means of said mounting device comprises a 
laser beam generating section and light receiving sec- 
tion especially for small parts. 

Thus, it is advantageous when the image pickup 
means for large parts comprises a first light emitting unit 
and pickup camera, whereby the reliability may be fur- 
ther enhanced by a second light emitting unit and that 
the first light emitting unit is usable for transmitted light 
detection, whereby the second light emitting unit is usa- 
ble for impinging light detection. 

Other preferred embodiments of the present inven- 
tion are laid down in further dependent claims. 

According to this invention, the optical detecting 
means and the image pickup means can be selectively 
used depending on the size of the part to be picked up. 
When the part is small and can be detected by projec- 
tion using the optical detecting means, the part is picked 
up and brought to the first detection height by the move- 
ment of the nozzle member, a parallel light beam is cast 
from the light emitting section of the optical detecting 
means to the part, and the part state is detected accord- 
ing to the projection. When the part is large on the other 
hand, the image pickup means is selected for use. In 
that case, the part is picked up and brought to the sec- 
ond detection height by the movement of the nozzle 
member, the picked up part is brought to a specified 
image pickup position by the movement of the head unit 
and in that state the part image is picked up by the 
image pickup means, and the part state is detected from 
the image recognition. Here, the "part state" means 
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defects and positional deviation of the part picked up by 
the nozzle member. 

In the following, the present invention is explained 
in greater detail with respect to several embodiments 
thereof in conjunction with accompanying drawings, 
wherein: 

FIG. 1 is a plan view of a mounter to which an 
example of the part state detecting device of this 
invention is applied; 

FIG 2 is a front elevation of the above mounter; 
FIG. 3 is an enlarged oblique view of an essential 
portion of the part state detecting device of this 
invention; 

FIG. 4 is a block diagram showing an example of 
the control system of the mounter; and 
FIG. 5 is a flow chart showing the control for the 
part state detection. 

FIGs. 1 and 2 show a structure of a mounter pro- 
vided with a part state detecting device according to a 
first embodiment. As shown in the drawings, a conveyor 
2 for conveying printed circuit boards is arranged on a 
base 1 of the mounter so that the printed circuit board 3 
is conveyed on the conveyor 2 and stopped at a speci- 
fied mounting work position. On both sides of the con- 
veyor 2 are arranged part supply sections 4 provided 
with feeders, for example multiple rows of tape feeders 
4a, for supplying the parts. 

A head unit 5 for mounting parts is provided above 
the base 1 . The head unit 5 is made to be capable of 
moving between the parts supply section 4 and the 
parts mounting section where the printed circuit board 3 
is placed. In this embodiment, the movement is possible 
in directions of X axis (the direction of the conveyor 2) 
and Y axis (the direction normal to the X axis in a hori- 
zontal plane). 

On the base 1 are arranged stationary rails 7 in the 
direction of Y axis, and a ball screw shaft 8 driven for 
rotation by a Y axis servomotor 9 . A head unit support 
member 1 1 is arranged on the stationary rails 7 . A nut 
12 provided on the support member 11 engages with 
the ball screw shaft 8 . An X direction guide member 13 
and a ball screw shaft 1 4 driven by an X axis servomotor 
15 are arranged on the support member 1 1 . The head 
unit 5 is movably supported by the guide member 13 . A 
nut (not shown) provided on the head unit 5 engages 
with the ball screw shaft 14 . The support member 11 is 
moved by the Y axis servomotor 9 in the Y axis direc- 
tion. The head unit 5 is moved by the X axis servomoior 
15 in the X axis direction relative to the support member 
11. 

The Y axis servomotor 9 and the X axis servomotor 

15 are provided with position detecting devices 10 and 

16 , each comprising a rotary encoder so as to detect 
moved positions of the head unit 5 . 

The head unit 5 is provided with a nozzle member 
21 for picking up the part. The nozzle member 21 is 
made capable of moving in vertical Z axis direction and 



in rotary direction about the nozzle center R axis as 
driven by a Z axis servomotor 1 7 and an R axis servo- 
motor 1 9 . These servomotors 1 7 and 1 9 are provided 
with position detecting devices 1 8 and 20 respectively to 

5 detect moved positions of the nozzle member 21 . 

Though not shown, the nozzle member 21 is con- 
nected to a negative pressure applying means through 
a valve or the like so that a negative pressure is applied, 
when needed for picking up the part, to the nozzle tip. 

io The head unit 5 is also provided at its lower end 
portion with a laser unit 22 as optical detecting means 
for detecting the state of the picked up part, e.g. defects 
and positional deviation of the picked up part relative to 
the nozzle member 21 . As shown in FIG. 3, the laser 

is unit 22 comprises laser beam generating section (paral- 
lel light beam emitting section) 22a and a detector (light 
receiving section) 22b facing each other on both sides 
of a space through which the nozzle member 21 passes 
when it moves up and down. 

20 The head unit 5 is~further provided, on the under- 
sides of the laser beam generating section 22a and the 
detector 22b of the laser unit 22 , with light emitting units 
23a and 23b respectively, and, at a position above the 
laser unit 22 and corresponding to a space between the 

25 laser beam generating section 22a and the detector 22b 
, with a light emitting unit 23c . The light emitting unit 23c 
is attached to a frame of the head unit 5 and, as shown 
in FIG. 3, a through hole 24 is bored in its center so that 
the nozzle member 21 passes the light emitting unit 23c 

30 through the hole 24 . 

These light emitting units 23a, 23b, and 23c; here- 
inafter collectively referred to as the first light emitting 
unit 23 emit light, when an image of the part is to be 
picked up by a part recognizing or pickup camera 25 

35 which will be described later, from behind (topside) the 
part picked up by the nozzle member 21 . 

Beside the part supply section 4 is arranged the 
part recognizing camera 25 as means for picking up the 
image of the part picked up by the nozzle member 21 

40 and above it is arranged a second light emitting unit 26 
for casting light beam on the head side (underside) of 
the part picked up by the nozzle member 21 . 

The part recognizing camera 25 is a CCD camera 
for example constituted to pick up the image of the part 

45 in two dimensions through an image pickup opening 
26a formed in the second light emitting unit 26 . 

When the image of the part is to be picked up by the 
part recognizing camera 25 , either the first or second 
light emitting unit 23 or 26 emits light depending on the 

so type of the part from which the image is to be picked up. 
This arrangement is such that, when the first light emit- 
ting unit 23 emits light, an image obtained when the light 
transmits the part (transmission image) is picked up and 
when the second light emitting unit 26 emits light, an 

55 image obtained when the light is reflected from the part 
surface (reflection image) is picked up. 

Next, a control system of the mounter will be 
described in reference to FIG. 4 which shows a block 
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diagram showing an example of the control system of 
the mounter. 

In FIG. 4, servomotors 9, 15, 17, and 19 respec- 
tively of the Y axis, X axis, Z axis for the nozzle member 
21 of the head unit 5 , and R axis, and position detection 5 
means 10, 16, 18, and 20 provided respectively on 
those servomotors are electrically connected to the 
shaft controller 31 . The laser unit 22 is electrically con- 
nected to a laser unit operation section 35 . The laser 
unit operation section 35 is connected through the 10 
input-output means 32 of the main controller 30 to the 
main operation section 33 . Light emitting units 23 and 
26 are connected to the input-output means 32 

The part recognizing camera 25 is connected to an 
image processing section 34 of the main controller 30 . is 
in the image processing section 34 , the part image 
picked up is subjected to predetermined image process- 
ing for the recognition of the part picked up so that the 
state of the part such as defects and deviation in the 
picked up position of the part is detected. 20 

The main operation section 33 controls the move- 
ments of the servomotors 9, 15, 17, and 19 through the 
shaft controller 31 according to mounting data stored in 
a memory section (not shown) or the data concerning 
parts to be mounted, mounting positions, mounting 25 
order, etc. and also selects the laser unit 22 or the part 
recognizing camera 25 to be used for the part state 
detection according to the type of the part to be proc- 
essed, and controls according to that selection. 

In other words, it is arranged as follows: When the 30 
part state can be detected by the laser unit 22 , namely 
if the part is smaller than a predetermined size which 
can be placed and rotated in the space (detection area 
of the laser unit 22) between the laser beam generating 
section 22a and the detector 22b of the laser unit 22 and 35 
if the shape is relatively simple for example, the laser 
unit 22 is selected. When the part state is difficult or 
impossible to detect by the laser unit 22 , for example 
because the part has many leads or such a large size 
that interferes with laser beam generating section 22a 40 
and the detector 22b when the part is placed and 
rotated in the scanning area of the laser unit 22 , the 
part recognizing camera 25 is selected. Control is made 
according to such a selection. When the part recogniz- 
ing camera 25 is selected, selection is further made 45 
whether a reflection image or a transmission image 
should be picked up and the first light emitting unit 23 or 
the second light emitting unit 26 is selected to emit light 
accordingly. 

The part state detecting action of the mounter con- so 
stituted as described above will be described in refer- 
ence to the flow chart in FIG. 5. 

When the mounting action is started in the mounter, 
first in the step S1 , Y axis servomotor 9 and the X axis 
servomotor 1 5 are driven to move the head unit 5 to the 55 
part pickup position. Then the Z axis servomotor 17 is 
driven to lower the nozzle unit 21 (steps S1 , and S2). 
Thus, the part is picked up by the nozzle member 21 
(step S3). 



Next, whether the laser unit 22 or the part recogniz- 
ing camera 25 should be used to detect the part state is 
determined. In other words, previously stored data of 
the part is read and, if the size of the part is not larger 
than a predetermined value which can be projected and 
detected by the laser unit 22 , the laser unit 22 is 
selected and, if the part size is larger than that value, 
the part recognizing camera 25 is selected. When the 
part recognizing camera 25 is selected, the process 
moves on to the step S5 and, when the laser unit 22 is 
selected, the process moves on to the step S1 1 (step 
S4). 

When the part recognizing camera 25 is selected in 
the step S4, the nozzle member is raised so that the 
picked up part is located in a detection position slightly 
below the laser unit 22 (position Z 2 or the second detec- 
tion height) and the head unit 5 is moved to a position 
above the part recognizing camera 25 (steps S5 and 
S6). 

Then either of the light emitting units 23 or 26 is 
selected to emit light (step S7). Under that state, the 
image of the part is picked up by the part recognizing 
camera 25 (step SB). In the step S9, the part is recog- 
nized by the image processing section 34 . At the same 
time, defects and deviation in the picked up position of 
the part are detected according to the part recognition 
and, if necessary, the amount of correction at the time of 
mounting is determined. As an example of such a proc- 
ess, image of the part is scanned in the image process- 
ing section 34 , the part center and the part rotation 
angle about the R axis are determined from the scan- 
ning, and correction amounts in the X, Y, and rotary 
directions are determined from the positional deviation 
of the part center and rotary angle deviation relative to 
the part pickup point as picked up by the pickup nozzle. 

In the next step S10, the part is mounted: When the 
head unit 5 moves over the printed circuit board 3 and 
reaches the corrected mounting position, the nozzle 
member 21 lowers and the part is mounted on the 
printed circuit board 3 . Thus, the process shown in the 
flow chart is finished. 

When the laser unit 22 is selected in the step S4 on 
the other hand, the nozzle member is raised so that the 
picked up part is located to a specified position within 
the detection area of the laser unit 22 (position Z-, in 
FIG. 3 or the first detection height), the part state is 
detected by the laser unit 22 , and the correction 
amount at the time of mounting is determined (steps 
S1 1 - S13). As a process to determine such a correction 
amount, for example, the part picked up by the nozzle 
member 21 is held at a height Z 1 corresponding to the 
laser unit 22 and rotated. A laser beam is cast from the 
laser beam generating section 22a on the part and the 
projection width of the part is detected by the detector 
22b receiving the laser beam. Correction amounts in the 
X, Y, and rotary directions are determined from the pro- 
jection width, center position, and rotary angle, at a 
point where the projection width becomes the minimum. 
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When such a processing is over, the step moves on 
to the step S1 0 in which the part is mounted to finish the 
process shown in the flow chart. 

As described above, when such a mounter is used, 
since the part state such as defects and deviation in the s 
part pickup position are detected by the selective use of 
the laser unit 22 and the part recognizing camera 25 , 
when the laser unit 22 is used, the distance between the 
laser beam generating section 22a and the detector 22b 
is set within the range capable of sufficiently securing 
the detection accuracy, and thereby the accuracy of 
detection of the laser unit 22 is secured. On the other 
hand, when it is impossible to place the part within the 
detection area between the laser beam generating sec- 
tion 22a and the detector 22b , the part can be detected 
by the part recognizing camera 25 . As a result, the part 
state can be accurately detected for all the picked up 
parts. In particular, when the image of the part is picked 
up by the part recognizing camera 25 , the nozzle mem- 
ber 21 is controlled so that the picked up part is posi- 
tioned (at a position Z 2 ) below the laser unit 22 . 
Therefore, the laser unit 22 is reliably prevented from 
interfering with the picked up part. 

The problem of increased size associated with the 
conventional device caused by the increase in the dis- 
tance between the laser beam generating section 22a 
and the detector 22b is also avoided. 

When the part image is picked up by the part recog- 
nizing camera 25 , either transmission image or reflec- 
tion image can be selectively picked up by selectively 
emitting light from either the first light emitting unit 23 or 
the second light emitting unit 26 . This is an advantage 
of increased degree of freedom in picking up the image. 

The mounter described above is an embodiment to 
which an example of the part recognizing device 
according to this invention is applied. The specific struc- 
ture can be modified as long as it does not depart from 
the spirit of this invention. For example, while the above 
embodiment employs the part recognizing camera 25 
consisting of a CCD camera as image pickup means for 
picking up images in two dimensions, image pickup 
means consisting of line sensors may also be 
employed. In that case, since the part image is picked 
up while the part is being moved relative to the line sen- 
sors, mounting efficiency can be increased in compari- 
son with the part recognizing camera 25 requiring stop 
of the part at a specified image pickup position. 

While the above embodiment employs one nozzle 
member for picking up and mounting the part, plural 
number of nozzle members may be employed to 
increase mounting efficiency. 

According to the part state detecting device of this 
invention described above, the optical detection means 
and the image pickup means are provided. The part 
state is detected by either of the means depending on 
the types of the parts. When the part is small and can 
be detected by projection using the optical detection 
means, the optical detection means is selected, the 
picked up part is placed at the first detection height 



within the detection area of the optical detection means, 
and the part state is detected from the part projection. 
When the part is large, the picked up part is placed at 
the second detection height, and the part is recognized 
on the basis of the picked up image. As a result, the part 
state can be detected accurately according to the types 
of the parts. Furthermore, since the optical detection 
means can be formed relatively small, detection mech- 
anism and device can be made in a compact size. 



A mounting device for mounting electric and/or 
electronic parts of different sizes at a specific posi- 
tion, preferably on a substrate such as a printed cir- 
cuit board, comprising a head unit (5) movable in 
horizontal and vertical directions, an optical detect- 
ing means (22) and an image pickup means (23, 
25, 26) for selectively detecting the state of parts of 
different sizes, characterized in that a first detec- 
tion position (Zj) of the optical detecting means (22) 
is different from a second detection position (Z2) of 
the image pickup means (23, 25, 26). 

A mounting device as claimed in claim 1, charac- 
terized by a main controller (30) for controlling the 
selection of the optical detecting means (22) and 
the image pickup means (23, 25, 26). 

A mounting device as claimed in claim 2, charac- 
terized in that said main controller (30) comprises 
a main operation section (33) for controlling the 
optical detecting means (22) or the image pickup 
means (23, 25, 26), respectively. 

A mounting device as claimed in claims 1-3, char- 
acterized in that the optical detecting means (22) 
comprises a laser beam generating section (22a) 
and a light receiving section (22b). 

A mounting device as claimed in claims 1-4, char- 
acterized in that said image pickup means com- 
prises a first light emitting unit (23) and a pickup 
camera (25). 

A mounting device as claimed in claim 5, charac- 
terized in that a further, second light emitting unit 
(26) is provided and that the first light emitting unit 
(23) is usable for transmitted light detection, 
whereby the second light emitting unit (26) is usa- 
ble for impinging light detection. 

A mounting device as claimed in claim 5 or 6, char- 
acterized in that the first light emitting unit (23) 
comprises three light emitting units (23a, 23b, 23c). 

8. A mounting device as claimed in claim 5 or 7, char- 
acterized in that the head unit (5) comprises a 
nozzle member (21) reciprocable along an axis (2) 
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and that along this axis (Z) are arranged in turn one 
light emitting unit (23c) around said axis, the laser 
beam generating section (22a) and the light receiv- 
ing section (22b) to both sides of the axis (Z), the 
second light emitting unit (26) around said axis (Z) 5 
and the pickup camera ((25) coaxially to said axis 
(Z). 

9. A mounting device as claimed in claims 1-8, char- 
acterized in that the head unit (5) is connected to 10 
a negative pressure applying means. 

10. A mounting device as claimed in claims 5-9, char- 
acterized in that the pickup camera (25) is a CCD 
camera. 15 

11. A mounting device as claimed in claims 1-4, char- 
acterized in that the image pickup means (25) 
comprises line sensors. 
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(54) Mounting device for mounting electric and/or electronic parts 

(57) A mounting device for mounting electric and/or 
electronic parts of different sizes at a specific position 
comprising a head unit movable in horizontal and verti- 
cal directions to mount said parts preferably on a sub- 
strate such as a printed circuit board. The device further 
comprises an optical detecting means (22) and an 
image pickup means (25) for selectively detecting the 
state of parts of different sizes. The first detection posi- 
tion (21) of the optical detecting means is different from 
a second detection position (22) of the image pickup 
means. 
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